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[57] ABSTRACT

Thermoplastic molding materials based on

(A) polycarbonates and

(B) polyesters containing from 1 to 30% by weight,
based on (A)+(B)+(C),

(C) of a graft copolymer based on

(C1) from 60 to 99% by weight of an elastomeric
component based on acrylic acid esters, meth-
acrylic acid esters and/or conjugated dienes as
well as, if desired, further comonomers, as graft
base and

(C,) from 1 to 40% by weight of an eXpoxy-contain-
ing monomer as applied graft.

9 Claims, No Drawings
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THERMOPLASTIC MOLDING MATERIALS
BASED ON POLYCARBONATES AND
POLYESTERS

The present invention relates to thermoplastic mold-
ing materials based on polycarbonates and polyesters, to
the use thereof for producing moldings, and to the
moldings produced from the thermoplastic molding

materials.
Polymer mixtures of thermoplastic polyesters and

polycarbonates are known per se. Compared with the
pure polyesters, they have improved mechanical prop-
erties, in particular an improved impact strength, as
revealed in DE-A No. 2,417,002.

To improve the impact strength of polyester/poly-
carbonate mixtures, in particular at low temperatures,
various methods are known.

In DE-C No. 2,343,609, a mixture of polycarbonate
and polyester has added to it from 2 to 35% by weight
of a graft copolymer of polybutadiene onto which a
shell of vinyl monomer has been grafted.

EP-A No. 20,737 discloses polyester/polycarbonate
mixtures which contain selectively hydrogenated styre-
ne/diene block copolymers.

EP-A No. 20,605 reveals that the impact strength of
polyesters or polycarbonates can be improved by add-
ing ethylene copolymers.

Finally, EP-A No. 106,027 describes mixtures which
are composed of polycarbonate, an ethylene copoly-
mer, a polyester and a graft rubber.

However, frequently the abovementioned molding
materials do not meet the ever increasing demands in
respect of impact strength and heat distortion resis-
tance, and the processability and the chemical resis-
tance are frequently unsatisfactory.

It is an object of the present invention to provide
molding materials based on polycarbonates and polyes-
ters which do not have these disadvantages. In particu-
lar the chemical resistance is to be improved.

We have found that this object is achieved with ther-
moplastic molding materials based on

(A) polycarbonates and |

(B) polyesters which contain from 1 to 30% by

weight, based on (A)+4-(B) +(C), of a graft copoly-
mer (C) which is composed of

(Cy) from 60 to 99% by weight of an elastomeric

component based on acrylic acid esters, meth-
acrylic acid esters and/or conjugated dienes as
well as, if desired, further comonomers as graft
base and

(C») from 1 to 40% by weight of an epoxy-containing

monomer as applied gratft.

Preferred embodiments of the thermoplastic molding
materials according to the invention are revealed 1n the
subclaims.

The molding materials according to the invention

exhibit an excellent cold impact strength coupled with a
very high heat distortion resistance and chemical resis-

tance.
In what follows, the construction of the molding
materials according to the invention from the compo-

nents 1s described.

Component (A)

For the purposes of the present invention, polycar-
bonates include not only homopolycatbonates but also
copolycarbonates. Preferably the polycarbonates are
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prepared starting from diphenols, for example dihy-
droxybiphenyls, di(hydroxyphenyl)alkanes and di(hy-
droxyphenyl) ethers. In principle, however, any other
diphenol suitable for preparing a polycarbonate can be
used. Relevant details can be found in the monograph
by H. Schnell, “Chemistry and Physics of Polycarbon-
ates”, Interscience Publ., New York 1964, and U.S. Pat.
No. 2,999,835 and DE-A No. 2,248,817. Polycarbonates
based on 2,2-di(4-hydroxyphenyl)propane (hereinafter
referred to as bisphenol A) are particularly preferred.

These polycarbonates can be synthesized in a conven-
tional manner as described in more detail for example 1n
U.S. Pat. No. 2,999,835 and GB-A No. 772,627.

The relative viscosity 7spec/c (according to E. Voll-
mert, Grundriss der makromolekularen Chemie, Vol-
ume 3, pages 55 et seq., E. Vollmer-Verlag, Karlsruhe
1979) of the polycarbonates used is preferably within
the range from 1.1 to 1.5 ml/g (measured on a 0.5%
strength solution in dichloromethane at 25° C.), which
corresponds to an average molecular weight M, of from
25,000 to 200,000.

The proportion of component (A) in the molding
materials according to the invention is basically not
subject to any special restriction, but is preferably
within the range from 8 to 90% by weight, based on the
total weight of components (A)-+(B)+(C).

Component (B)

The polyesters present in the molding materials ac-
cording to the invention are likewise known per se. It 1s
preferred to use polyesters which contain an aromatic
ring in the main chain. The aromatic ring can also be
substituted, for example by halogens, such as chlorine
and bromine and/or by C;-Cs-alkyl groups, for exam-
ple methyl, ethyl, i- or n-propyl and i- or n- or t-butyl
groups.

The preparation of the polyesters can be effected in a
conventional manner by reacting dicarboxylic acids,
esters thereof or other ester-forming derivatives with
dihydroxy compounds.

Suitable dicarboxylic acids are, for example, aliphatic
and aromatic dicarboxylic acids which can also be used
in the form of a mixture. Examples are naphthalenedi-
carboxylic acids, terephthalic acid, isophthalic acid,
adipic acid, azelaic acid, sebacic acid, dodecanoic acid
and cyclohexanedicarboxylic acids, mixtures thereof
and ester-forming derivatives thereof.

The dihydroxy compounds used are preferably diols
of 2 to 6 carbon atoms, particularly preferably ethylene
glycol, 1,4-butanediol, 1,4-butenediol and 1,6-hex-
anediol: but it is also possible to use 1,4-hexanediol,
1,4-cyclohexanediol, 1,4-di(hydroxymethyl)cyclohex-
ane, bisphenol A, neopentylglycol, mixtures thereof and
ester-forming derivatives thereof.

Polyesters of terephthalic acid and of a C;-Ce-diol
component, for example polyethylene terephthalate or
polybutylene terephthalate, are particularly preferred.

The relative viscosity mspec/C Of the polyesters, mea-
sured on a 0.5% strength solution in a phenol/o-
dichlorobenzene mixture (weight ratio 3:2) at 25° C,, 1s
in general within the range from 1.2 to 1.8 ml/g.

The proportion of component (B) in the molding
materials according to the invention is, like that of com-
ponent (A), not critical, but is preferably from 8 to 90%
by weight, based on the total weight of components

(A)+(B)+(O).
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Component (C)

The thermoplastic molding materials according to
the invention contain as essential component (C) a graft
copolymer which is based on

(Cy1) from 60 to 99% by weight of an elastomeric

component based on acrylic acid esters, meth-

acrylic acid esters and/or conjugated dienes as
well as, if desired, further comonomers, as grafi

base and

(Cy) from 1 to 40% by weight of an epoxy-containing

monomer as applied graft.

The elastomeric component (rubber component C)
has in general a glass transition temperature of below 0°
C., preferably of below —20° C. Preferred rubber com-
ponents are homopolymers of alkyl acrylates and/or
methacrylic alkylates of 1 to 8 carbon atoms in the alkyl
radical and/or homopolymers and/or copolymers of
conjugated dienes, for example 1,3-butadiene and iso-
prene. A particularly preferred example is'a rubber
component (elastomer) based on polybutadiene and/or
poly(n-butyl acrylate). |

If desired, in the preparation of the elastomeric com-
ponent, additional comonomers, preferably aromatic
vinyl monomers of up to 12 carbon atoms, for example
styrene or styrene/acrylonitrile mixtures, can be used.

A simtable component (C3) can in principle be any
epoxy-containing monomer which can be grafted onto
the graft base (C;). Results to date indicaie that a reac-
tion takes place between the epoxy group of the graft
copolymer and the poyester or polycarbonate. It 1s still
too early to say with certainty whether true covalent
bonds are formed. The interaction between the epoxy
group of the graft copolymer and the polyester or poly-
carbonate is probably responsible for the compatibility-
increasing effect of the graft copolymer.

Examples of the numerous suitable epoxy-containing
- monomers are glycidyl derivatives, in particular
glycidylacrylic acid esters and/or glycidylmethacrylic
acid esters, which are preferred on account of their easy
availability.

The graft copolymer (C) can be prepared in a plural-
ity of ways which are known per se. The only signifi-
cant point is that the epoxy groups of the applied graft
are available in the free form in the eventual copolymer.
Thus the graft base can be prepared for example by
successive polymerization of the individual monomers
or by simultaneous use of all the monomers. The graft-
ing of the epoxy-containing graft monomer can also be
carried out in the presence of further monomers which
do not react with the epoxy group. Further details of
the method of preparation can be found for example in
DE-C No. 1,260,135.

The proportion of component (C;) in the graft co-
polymer ranges from 60 to 99% by weight, preferably
from 90 to 98% by weight, and the proportion of the
elastomeric component (C;) ranges correspondingly
from 1 to 409 by weight, preferably from 2 to 10% by
weight. |

The proportion of component (C) in the thermoplas-
tic molding materials according to the invention lies
within the range from 1 to 30, preferably from 2 to 20,
%0 by weight.

The graft copolymer (C) can be present in compo-
nents (A) (polycarbonate) and (B) (polyester) in dis-
- persed form with a unimodal particle size distribution
within the range from 50 to 200 nm (i.e. the distribution
curve of the particle sizes has only one peak) or with a
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bimodal particle size distribution within the range from
50 to 700 nm (1.e. the distribution curve has two peaks).

In addition to components (A), (B) and (C), the mold-
ing materials according to the invention can contain
elastomeric constituents which improve the impact
strength (impact strength modifier rubbers). Rubbers
which can be used for this purpose are known per se to

those skilled in the art. For example, it 1s possible to use
rubbers whose composition is identical or similar to that

of rubber component (C1) of the graft copolymer. Fur-
ther examples are butadiene, styrene and block copoly-
mers, styrene/acrylonitrile copolymers, acrylonitrile/-
butadiene/styrene copolymers, to name only a few. The
proportion of impact strength modifier rubbers is in
general not more than 20% by weight, based on the
total weight of components (A) to (C).

The molding materials according to the invention can
further contain additives and processing aids. Examples
are stabilizers, antioxidants, agents against thermal de-
composition and decomposition by ultraviolet light,
lubricants, mold release agents, colorants, reinforcing
agents and metal flakes and/or metal-coated fibers to
increase the electroconductivity, and also plasticizers.

Stabilizers may be added at any stage in the prepara-
tion of the molding materials, but are preferably added
very early on to prevent the onset of decomposition
before the stabilizer has been incorporated.

Antioxidants and heat stabilizers for polymers are
known to those skilled in the art. Examples are the
halides of metals of group 1, sterically hindered phe-
nols, hydroquinones, substituted derivatives thereof and
mixtures thereof. The concentration of these additives is
in general not more than 1% by weight, based on the
total weight of the molding materials.

UV stabilizers are likewise known to those skilled in
the art. Examples are substituied resorcinols, salicy-
lates, benzotriazoles and benzophenones. The propor-
tion of these stabilizers is in general up to 2% by weight,
based on the total weight of the molding materials.

Lubricants and mold release agents, which in general
may account for up to 1% by weight of the thermoplas-
tic molding material, are for example stearic acid, stea-
ryl alcohol, stearic acid esters and amides thereof.

Examples of dyes and pigments are nigrosine, tita-
nium dioxide, cadmium sulfide, cadmium sulfide sele-
nide, phthalocyanines, ultramarine blue and carbon
black; examples of fillers and reinforcing agents are
carbon fibers, glass fibers, amorphous silica, asbestos,
calcium silicate, aluminum silicate, magnesium carbon-
ate, kaolin, chalk, quartz powder, mica and feldspar.

It is also possible to add nucleating agents such as
talcum, CakF,, sodium phenylenephosphinate, aluminum
oxide and finely divided polytetrafluoroethylene
(PTFE) as well as plasticizers such as phthalic acid
esters and benzene- and/or toluene-sulfonamides.

The proportion of all the abovementioned additives is
not critical as such, but it is of course necessary to en-
sure that as a whole the components are compatible in
the amounts used.

If metal flakes, for example of aluminum, copper,
stiver or nickel or alloys thereof, or fibers made of sil-
ver, copper, nickel, aluminum or stainless steel are
added to the thermoplastic molding materials according
to the invention, this appreciably increases the conduc-
tivity of the molding materials, as a result of which they
can be used to screen off electromagnetic waves.

To increase the conductivity it i1s also possible to add
glass, graphite and/or aramide fibers which are coated
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with nickel, silver, copper or aluminum. On adding up
to 40% by weight, preferably from 25 to 30% by
weight, based on the total weight of the molding mate-
rial, of these conductivity-increasing additives and
maintaining the ratio of metal flakes:metal fibers or
metal-coated fibers within the preferred range of from
4:1 to 14:1, the conductivity of the molding material
increases from 10— 18 Sem—1to 1 Scm—1.

The molding materials according to the invention can
be prepared in a conventional manner, for example by
melt-mixing the polyester and the polycarbonate with
the other components in an enclosed system. This cus-
tomarily takes the form of a muitiple screw extruder, for
example a 2-shaft extruder, or other conventional plasti-
cizing apparatus, for example a Brabender mill, a Ban-
bury mill or the like. But the molding materials can also
be prepared by coprecipitation from a solution or by
mixing (dry mixing) the components and subsequently
melt extruding the dry mixture.

The thermoplastic molding materials according to
the invention exhibit a high notched impact strength
even at low temperatures and a high chemical resis-
tance. They are suitable for processing by injection
molding and extruding and for producing highly stress-
able thermostable impact-resistant moldings for indus-
trial purposes of any kind. Molding materials according
to the invention filled with conductive additives can be
used for screening off electromagnetic waves.

EXAMPLES 1 TO 11

In the examples, the components used were as fol-
lows:

Component (A) (polycarbonate)

Bisphenol-A polycarbonate having a relative viscos-
ity of 1.36, measured on a 0.5% strength solution in
dichloromethane at 25° C. |

Component (B) (polyester)

(B1) Polybutylene terephthalate having a relative
viscosity of 1.62, measured on a 0.5% strength
solution in a phenol/o-dichlorobenzene mixture
(weight ratio

3:2) at 25° C.

(B2) Polyethylene terephthalate having a relative
viscosity of 1.39, measured under the same condi-
tions as described for (B)).

Component (C) (graft copolymer)

A polybutadiene latex was prepared by polymerizing
60 parts by weight of butadiene in the presence of a

6

solution of 0.5 part of tert.-dodecylmercaptan, 0.7 part
of potassium C4-alkylsulfonate as emulsifier, 0.2 part of

- potassium peroxodisulfate and 0.2 part of sodium pyro-
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phosphate in 80 parts of water at 65° C. After the poly-
merization had ended, the polymerization autoclave
was let down; the conversion was 98%.

The average particle size of the polybutadiene latex
thus obtained was 0.1 um. This latex was agglomerated
by adding 25 parts by weight of an emulsion of a co-
polymer of 96 parts by weight of ethyl acrylate and 4
parts of acrylamide (solids content of emulsion: 10% by
weight) to form a polybutadiene latex having an aver-
age particle size of from 0.3 to 0.4 um.

The polybutadiene latex (C;) thus obtained was
mixed in the amounts stated in Table 1 with the amount
stated in Table 1 in the SAN column of a mixture of
styrene and acrylonitrile (ratio 70:30) and 50 parts by
weight of water. 0.08 part by weight of potassium per-
sulfate and 0.05 part by weight of lauroyl peroxide were
added, and the mixture was heated with stirring at 65° .
C. for 3 hours. The amount of glycidyl methacrylate
stated in Table 1 in the C7 column was then added with-
out further additives in the course of 2 hours, during

‘which the temperature was 65° C. The graft copolymer

thus prepared was precipitated at 95° C. out of the dis-
persion by means of magnesium sulfate solution, was
washed with water and was dried in a warm air stream.

TABLE 1

Ci SAN C

% wt. 9o wt. % wt.
Graft copolymers according
to the invention

Ca 60 35 5

Cp 67 30 3

Ce 63 29(1) 8

Graft copolymers for
comparison

| oF 60 35 5(<)
Ce 67 30 3(2)

{DMethyl methacrylate instead of styrene/acrylonitrile
(2)Methyl methacryiate instead of glycidyl methacrylate

Components (A) to (C) were mixed in a twin-screw
extruder at 270° C., and the extrudate was granulated
and processed into moldings.

The composition of the modling materials and the
results of the impact strength measurements and of the
determination of the Vicat temperature can be found in

Table 2 below.

TABLE 2

| (in percent by weight)

Example Component Component Component Notched impact strength |kJm"'2] Vicat temp.

No. A C 23° C. —20° C. —40° C. °C.
1* 50 40 B, 10 Cy 45 8 6 120
PAd 50 40 B, 10 C, 42 8 7 122
3* 75 15 Bp 10 C, 41 7 6 130
4* 40 50 B 10 Cy4 40 8 5 128
5 50 40 B, 10 Cy, 47 19 {12 23
6 40 50 B, 10 Cyp 45 13 9 119
7 40 40 B, 20 C, 50 15 10 120
8 75 15 By 10 Cyp 50 31 9 139
9 50 35 By 15 C, 52 19 11 134

10 45 5 Bg 10 Cp 41 10 6 125

35 By
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TABLE 2-continued

(in percent by weight)

Example Component Component Component Notched impact strength |kJm‘2| Vicat temp.
No. A B C 23° C —-20° C.

—40° C °C.

11(D 45 42 B, 8 Cp 45 14

7 129

= comparative exampies

“’An impact strength modifier rubber was added in the form of 5% by weight of an ethylene/n-butylacrylate/acrylic acid
copolymer prepared under superatmospheric pressure from 60% by weight of ethylene, 35% by weight of n-butyl acrylate

and 5% by weight of acrylic acid.

The results show that the thermoplastic moiding
materials according to the invention have a distinctly

increased notched impact strength at low temperatures

(—20° C. and —40° C.) compared with conventional
molding materials. The Vicat temperature of molding
materials according to the invention is likewise above
that of conventional molding materials of correspond-
ing polycarbonate/polyester compositions.

We claim:

1. A thermoplastic molding material containing as

essential components:

(A) an aromatic polycarbonate derived from diphe-
nols:

(B) an aromatic polyester derived from dicarboxylic
acids or their ester forming derivatives and dihy-
droxy components; and

(C) from 1 to 30% by weight, based on
(A)+(B)+4-(C), of a graft copolymer consisting of
as essential components:

(C1) from 60 to 99% by weight of an elastomeric
component based on at least one member se-
lected from the group consisting of acrylic acid
esters, methacrylic acid esters and conjugated
diene compounds, as essentlal components,
which functions as a graft base, and

(Cz) from 1 to 40% by weight of an epoxy-contain-
ing monomer as an applied graft shell onto com-
ponent C;.
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2. The thermoplastic molding material as defined in
claim 1, which contains an impact strength modifier

rubber.

3. The thermoplastic molding material as defined in
claim 1, which contains from 8 to 90% by weight of
polycarbonate (A), from 8 to 90% by weight of polyes-
ter (B) and from 2 to 30% by weight of graft copolymer
(C).

4. A molding obtainable from a thermoplastic mold-
ing material as defined in claim 1.

5. The thermoplastic molding material as defined in
claim 1, wherein further comonomers are present in said
graft base.

6. The thermoplastic molding material as defined in
claim §, wherein said comonomer is styrene or a mix-
ture of styrene and acrylonitrile.

7. The thermoplastic molding maierial as defined in
claim I, wherein the diphenol component of component
(A) 1s a dihydroxybiphenyl, a di (hydroxyphenyl)alkane
or a dithydoxyphenyl)ether.

8. The thermoplastic molding material as defined in
claim 1, wherein the amount of said graft copolymer (C)
in said composition ranges from 2-20% by weight.

9. The thermoplastic molding material as defined in
claim 1, wherein said epoxy-containing monomer is a
member selected from the group consisting of
glycidylacrylic acid esters, glycidyimethacrylic acid

esters and mixtures thereof.
- X * * %
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